In this article we remaind the 19 noncommutative Sprott models provided in paper [11] and further, we synchronize all of them by active control scheme. Particularly, we establish the proper so-called active controllers with use of the Lyapunov stabilization theory [30] .
Introduction
In the last few decades there appeared a lot of papers dealing with so-called chaotic models, i.e., with such models whose dynamics is described by strongly sensitive with respect initial conditions, nonlinear differential equations. The most popular of them are: Lorenz system [1], Roessler system [2] , Rayleigh-Benard system [3] , Henon-Heiles system [4] , jerk equation [5] , Duffing equation [6] , Lotka-Volter system [7] , Liu system [8], Chen system [9] and Sprott system [10] respectively. However, the especially interesting among the above models seem to be the last ones, i.e., the Sprott systems. In fact, since they have been provided by systematic examination of three-dimensional ODEs with quadratic nonlinearities, they admit the most simple kind of chaotic dynamics listed in Table 1 . Moreover, there has been introduced in article [11] the noncommutative counterpart of Sprott models defined on the quantum space of the form
with arbitrary time-dependent real functions f ij (t) satisfying f ij (t) = −f ji (t). Particularly, it has been demonstrated that such constructed systems are described by nonlinear and complex differential equations given in Table 4 . Besides, the performed studies indicate that at least in the case of canonical (f ij (t) = θ ij = const.) [12] - [15] space-time noncommutativity, the deformed Sprott models remain strongly sensitive with respect the change of initial data; i.e., it has been shown that they are in fact completely chaotic. It is well known that one of the most important problem just of the chaos theory concerns so-called chaos synchronization phenomena. Since Pecora and Caroll [16] introduced a method to synchronize two identical chaotic systems, the chaos synchronization has received increasing attention due to great potential applications in many scientific discipline. Generally, there are known several methods of chaos synchronization, such as: OGY method [17] , active control [20] , [21] , backstepping method [22] , [23] , sampleddata feedback synchronization method [24] , time-delay feedback method [25] and sliding mode control method [26] , [27] . All of them have been applied to the synchronization of many identical as well as different chaotic models, such as, for example, Sprott, Lorenz and Roessler systems respectively (see [28] and [29] ).
In this article we remaind the 19 noncommutative Sprott models provided in paper [11] and further, we synchronize all of them by active control scheme. Particularly, we establish the proper so-called active controllers with use of the Lyapunov stabilization theory [30] .
The paper is organized as follows. In second Section we recall the main result of articles [10] , [31] , i.e., we provide Table 1 as well as Tables 2, 3 including chaotic flows of all 19 Sprott models and the corresponding jerk dynamics respectively. In Section 3 we review their noncommutative counterparts defined and analyzed in paper [11] . Section 4 concerns the basic concepts of active synchronization method, while in Section 5 we provide in Table 7 the active controllers, which synchronize all identical noncommutative Sprott models. The conclusions and final remarks are discussed in the last Section.
Sprott systems
In this Section we recall the main result of paper [10] , in which there has been performed a systematic examination of general three-dimensional ODEs with quadratic nonlinearities. Particularly, it has been uncovered 19 distinct most simple examples of chaotic flows (so-called Sprott systems) listed in Table 1 . 
Besides, the corresponding jerk dynamics were introduced in paper [31] by using of the proper nonlinear transformation rules of variables x 1 , x 2 and x 3 ; they look as follows: 
Noncommutative Sprott systems
Let us now turn to NC Sprott models defined on the quantum space-time (1) . In the first step of our construction we remind (following article [11] ), that the commutation relationes (1) can be (formally) realized in the framework of Quantum Group Theory [32] , with use so-called twist procedure [33] . Then, the quantum space (1) is represented by Hopf module equipped with the following -product for two arbitrary classical functions f (x) and g(x) [34] f
Particularly, for f (x) = x and g(y) = y we have
x
and, consequently
It should be noted however, that the commutation relationes (1) has been explicitly constructed only for particular form of function f ij (t) in papers [34] , [35] and [36] . Next, we define the deformed Sprott systems by the following replacement
provided in all dynamical equations from Table 1 . In such a way, we get: 
Further, there have been also found in [11] the corresponding (noncommutative) jerk dynamics listed in the following two Tables: Table 5 . The noncommutative jerk dynamics. type jerk dynamics 
Of course, for functions f ij (t) approaching zero the above models become classical.
Chaos synchronization by active control -general prescription
In this Section we remaind the general scheme of chaos synchronization of two systems by so-called active control procedure [18] , [19] . Let us start with the following master model
where x = [ x 1 , x 2 , . . . , x n ] is the state of the system, A denotes the n × n matrix of the system parameters and F (x) plays the role of the nonlinear part of the differential equation (7) . The slave model dynamics is described bẏ
with y = [ y 1 , y 2 , . . . , y n ] being the state of the system, B denoting the n-dimensional quadratic matrix of the system, G(y) playing the role of nonlinearity of the equation (8) and u = [ u 1 , u 2 , . . . , u n ] being the active controller of the slave model. Besides, it should be mentioned that for matrices A = B and functions F = G the states x and y describe two identical chaotic systems. In the case A = B or F = G they correspond to the two different chaotic models.
Let us now provide the following synchronization error vector which in accordance with (7) and (8) obeyṡ
In active control method we try to find such a controller u, which synchronizes the state of the master system (7) with the state of the slave system (8) for any initial condition x 0 = x(0) and y 0 = y(0). In other words, we design a controller u in such a way that for system (10) we have lim t→∞ ||e(t)|| = 0 ,
for all initial conditions e 0 = e(0). In order to establish the synchronization (10) we use the Lyapunov stabilization theory [30] . It means, that if we take as a candidate Lyapunov function of the form
with P being a positive n × n matrix, then we wish to find the active controller u so thaṫ
where Q is a positive definite n × n matrix as well. Then the systems (7) and (8) remain synchronized.
Chaos synchronization of identical noncommutative Sprott systems
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Final remarks
In this article we remind the 19 noncommutative Sprott models provided in paper [11] and further, we synchronize all of them by active control scheme. Particularly, we find the corresponding so-called active controllers listed in Table 7 .
It should be noted that the presented investigations can be extended in various ways. For example, one may perform synchronization of noncommutative Sprott models with use of another mentioned in Introduction methods. Besides, it seems senseable to consider the Lie-algebraically deformed counterpart of Sprott systems defined on the quantum space-time with two spatial directions commuting to space. The works in these directions already started and are in progress.
